Analysis of Traffic Loads on Bridges: Report II Characteristics of Traffic on Ohio River Bridges - 1968 by Lynch, Robert L.
Eugene Goss 
COMMISSIONER OF HIGHWAYS 
MEMORANDUM TO: 
SUBJECT: 
COMMONWEALTH OF KENTUCKY 
DEPARTMENT OF HIGHWAYS 
FAANK�ORT,KENTUCKY 40801 
June 16, 1969 
A. 0. Neiser 
State Highway Engineer 
Research Report; 'Analysis of Traffic Loads on Bridges; 
Report II: Characteristics of Traffic on Ohio River Bridges· 1968' 
ADDRI£88 RKPL Y TO 
H-3·11 
B-4-14 
H-2-21 
The enclosed report has issued from an earlier pilot effort to use traffic counts and classification and loadometer 
data, accumulated by the Planning Division, to evaluate the load-histories on bridges in a manner similar to that used 
in the structural design of pavements. The pilot study was a timely offshoot from KYHPR-64-21 (cf.'Determination 
of Traffic Parameters for the Prediction, Projection, and Computation of EWL's,' Final Report, August 1968, and 
'Analysis of Traffic Loads on Bridges,' February 1968). The pilot study was done without the benefit of loadometer 
data directly applicable to the bridges. Subsequently, by arrangement with the Department of Motor Transportation, 
some vehicle weight data were obtained at specific bridges. It\ addition, The Division of Planning obtained hourly 
classification counts and time-interval data. Research personnel supplemented those data with spot-speed 
measurements. Whereas the Research Division agreed to furnish a compilation and analysis of the DMT data and 
Planning's classification data, we have attempted to assimilate all information in a manner which will ultimately 
enable us to' evaluate the fatigue histories of the bridges. However, this report fulfills our commitment of last 
year-that is, it reports all information obtained from 1968 observations and measurements. The report of February 
1968 (already referenced) presented all information available prior thereto. 
A forthcoming report, already in draft, covers attempts to analyze the fatigue-life of the bridges on the basis of 
accumulative damage hypotheses. Conventional S·N diagrams, loading probabilities and traffic volume histories have 
been combined methodically. In order to complete a fatigue-life evaluation, it will be necessary to know the 
load-stress relationship for a particular bridge member. 
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March 1969 
The recent bridge disaster at Point Pleasant, West Virginia, has renewed concern about the mechanism of 
material fatigue as a possible cause of catastrophic failure of bridge structures. A reasonable methodology for 
evaluating the fatigue condition of the highway bridge requires a knowledge of the distribution of traffic loads 
utilizing the facility during the analysis period. The accuracy of such an analysis is dependent on the accuracies of 
the input data -- material fatigue properties and traffic characteristics. The more critical of the above parameters, 
with respect to accuracy, appears to be traffic charactel'istics. This is especially true of vehicle weight characteristics 
since no loadometer surveys had been made at any Ohio River bridge location prior to this study. 
Lo·cations 
Considerable traffic data were obtained at most of the major Ohio River bridge locations during 1968. 
Particular attention was directed to the following bridges: 
1. Ashland-Coal Grove Bridge, Boyd County 
2. L&N Bridge, Campbell County 
3. Central Bridge, Campbell County 
4. Suspension Bridge, Kenton County 
5. C&O Bridge, Kenton County 
6. Paducah-Brookport Bridge, McCracken County. 
These bridges were chosen for study because all six were constructed before 1932; four of them were erected prior 
to 1900. In addition, the relatively high daily traffic volumes and extreme span lengths make the bridges more 
susceptible to failure by fatigue. Such a failure would be disastrous in terms of people and vehicles involved if a 
catastrophic fatigue failure occurred. Appendix A pictures and tabulates the characteristics of the present structure 
and traffic now for each of the bridges under consideration. The following traffic data were obtained at each bridge: 
I. From classification studies 
1. Classification of vehicle types 
2. Hourly traffic volumes 
3. Hourly pedestrian traffic volumes 
4. Vehicle-gap distributions 
5. Spot-speed distributions 
II. From loadometer surveys 
1. Gross loads 
2. Axleloads 
3. Axle spacings 
4. Total vehicle lengths. 
In addition to the aforementioned bridges, loadometer surveys were also conducted at the following bridge 
locations: 
1. Maysville Bridge, Mason County 
2. I 75 Bridge, Kenton County 
3. I 65 Bridge, Jefferson County 
4. Owensboro Bridge, Daviess County 
5, Henderson Bridge, Henderson County 
6. Shawneetown Bridge, Union County 
7. Cairo Bridge, Ballard County. 
These additional loadometer surveys provided the volume of data necessary for statistical analyses. Loadometer data 
from interstate bridges provided information concerning traffic volumes and magnitudes of gross loads and axleloads 
using nearby bridges before the interstate bridges were opened. It was anticipated that the loadometer data from the 
interstate bridges would be particularly useful in developing past loading histories for adjacent bridges. 
Tnffo: al IA<oliolll! 
Traffic at the Ohio R-iver bridge lo·cations is unique: distinct traffic characteristics of both rural and urban areas 
were observed even though these bridges are located in urban areas. Since these facilities connect relatively large 
urban areas, work-trip traffic generation is quite large. This is especially true of the bridges under consideration in 
this report since urban areas of differential industrial activity and tax structure are connected by these facilities. 
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Table 3 
Average Vehicle Type Percentages 
I AUTOS 
83 64 0.56 902 
93. 34 004 5.12 
89 31 2.31 5 22 
87.22 0.00 6 .55 
88.47 4.23 4.57 
78.99 0 28 12. 85 
86. 82 1.24 7. 22 
2 77 0 69 
1.39 O.D2 
2. 31 0 23 
4.42 0. 30 
1.59 0.09 
3. 78 0.36 
2 . 71 0.29 
Table 4 
0 43 1 01 1 88 
O.D2 0.04 0.04 
0 18 0 26 0 18 
0.43 0.75 0.32 
0 17 0.43 0.45 
0.44 1.17 2.13 
0.28 0.61 0.83 
Comparison of Directional Vehicle-Type Percentages 
STATISTICAL TEST· PAIRED "t" 
TEST OF HYPOTHESIS • Ho: ll Northbound = ll Southbound 
VEIDCLE ACCEPTANCE STATISTICAL 
TYPE a Sd v RANGE t DECISION 
AUTOS 0.36 1.00 5 ±2.02 0.88 Accept Ho 
BUSES 0.06 0.13 5 ±2.02 1.13 Accept Ho 
SU-2A4T -0.16 0. 61 5 ±2.02 -0.64 Accept H0 
SU-2A-6T -0.14 0.38 5 ±2.02 -0. 90 Accept Ho 
SU-3A O.D3 0.10 5 ±2.02 0.74 Accept Ho 
C-3A -0.05 0.08 5 .±2.02 -1.53 Accept Ho 
C4A -0.14 0.16 5 ±2.02 -2.14 Reject Ho 
C-5A .Q.Q3 0. 20 5 ±2.02 0.37 Accept Ho 
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TOTAL 
DAILY 
TRAFFIC 
0 0  16180 
0.0 17926 
0 0  19184 
0.0 9244 
0.0 20137 
0.0 6073 
0.0 
Table 5 
Comparison of Mean Directional Traff"IC Volume Distributions 
STATISTICAL TEST · PAIRED "t" 
TEST OF HYPOTHESIS· Ho: 11 Northbound= 11 Southbound 
VEIDCLE ACCEPTANCE STATISTICAL 
TYPE d Sd v RANGE t DECISION 
AUTOS -174.00 472.00 5 ±2.02 0 90 Accept H0 
BUSES 0.17 4. 35 5 :!:2.02 010 Accept H0 
SU·2A4T -15 50 35.40 5 ±2.02 1.07 Accept Ho 
SU·2A-6T -16 . 20 40.10 5 _±2.02 0 99 Accept Ho 
SU-3A 2.30 6.70 5 ±2.02 0 84 Accept H0 
C-3A -3 30 6 .40 5 ±2.02 I 26 Accept H0 
C4A - 6  80 6 27 5 :!:_2.02 2 26 Reject H0 
C-SA ·2.60 15.20 5 +2.02 .() 42 Accept H0 
AUTOS AND 
SU·2A4T ·190 494 5 ±2.02 0 94 Accept H0 
SINGLE-UNIT TRUCKS 
AND BUSES -14 49 5 ±2.02 0. 70 Accept H0 
COMBINATION TRUCKS -13 23 5 ;!:2.02 1.38 Accept H0 
TOTAL TRUCKS - 25 6 8  5 ±2.02 0.90 Accept H0 
TOTAL VEHICLES -216 526 5 _±2.02 1.00 Accept H0 
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onedway traffic north from 6:30·8:30 a.m.; the traffic flow is one-way south from 4:00-6:00 p.m. This 
bridge carries few trucks, and they occur in the normal 8:00 a.m. to 5:00 p.m. work period. Most of these 
trucks are of the singledunit type and are, thereby, predominately used for local work trips. 
3. Central Bridge - The traffic flow pattern on the Central Bridge is similar to that on the L&N bridge except 
that reversed traffic flow has not been utilized. This means that two major peaks in total traffic volume 
are realized in each direction corresponding to the 8:00 a.m. - 5:00 p.m. work shift, The larger peaks are 
associated with the morning northbound traffic and the evening southbound traffic. Appendix C indicates 
that this bridge is utilized relatively more throughout the day than is the L&N bridge. 
4. Suspension Bridge - As with the previously discussed bridges crossing the Ohio River near Cincinanti, the 
Suspension bridge is used extensively by vehicles traveling to and from work. Peaks occur in both 
directions between 12:00 p.m. and 1 :00 p.m. These traffic trends indicate that a large proportion of the 
people living in Kentucky and working in Ohio are returning home for the noon meal. AB with the 
previously discussed bridges, a large majority of the trucks are single-units and operate during normal 
working hours. 
5 .  C&O Bridge - The total hourly traffic-volume curve for the C&O bridge, as shown in Appendix C ,  indicates 1 
that this bridge is used extensively by traffic travelling to and from work.* A definite directional split in I· work trip.s is indicated. The hourly-volume curve suggests that the great majority of people involved in. 
these trips live in Kentucky and work in Ohio. Small peaks are shown between 6:30 a.m. and 7 :30 a.m. in 
the southbound lanes and between 4:00 p.m. and 5:00 p.m. in the northbound lanes. These trips probably 
represent work trips to Kentucky or people returning to Kentucky after transporting others to work in 
Ohio. Small northbound and southbound traffic Spurts occurred between 3 :00 a.m. and 4:00 a.m. on this 
bridge. It is believed that these represent work trips for people with other than 8:00 a.m. to 5 :00 p.m. 
work shifts. Additional minor peaks are observed between 9:00 p.m. and 10 :00 p.m. in both directions of 
travel. As with the previously discussed bridges these trips are probably associated with social and 
recreational trips between the two urban -areas. 
Truck traffic at this location is concentrated in the daytime and is thereby associated with local work 
trips. Only minor irregularities in truck traffic were observed throughout the remainder of the 24·hour 
period. 
6. Paducah-Brookport Bridge - Southbound traffic on the Paducah-Brookport bridge shows the typical, but 
weak, morning and evening work-trip trends. Northbound traffic, however, indicates a strong evening peak 
only. Since there are no alternative bridges near Paducah, these characteristics indicate a large incidence of 
through traffic. 
The lack of a nearby alternate route results in a relatively high ratio of nighttime to daytime traffic 
volume. This is especially true for the heavier trucks. It should be noted that although there is no nearby 
bridge alternative, very few combination trucks were observed. This is probably due to the quality of the 
bridge and the general lack of industrial activity in this area. 
Unusual Vehicle 
Prior to the conception of this project, interest had been expressed concerning vehicle types not compatible 
with the vehicle classification scheme utilized in this study. Of specific interest was the "double·bottom" truck -· a 
combination truck pulling an additional two-e.xled trailer. This particular vehicle type was of interest because of its 
extreme length and its high gross load capacity. Although this specific truck type is observed infrequently on rural 
highways in Kentucky, many of these vehicles are observed in urban areas near the state boundary where local 
ordinances control. Table 6 shows the relative use of these vehicle types by class and direction for each bridge 
studied in this report. It is seen that the "double·bottom" truck is the most frequently observed "unique" vehicle 
type . 
. Two aspects of the vehicle types presented in Table 6 are of possible consequence to any traffic study: 1) the 
vehicle-Weight characteristics, and 2 )  the vehicle operational characteristics. Except for the ''double-bottom'' truck, 
the differential weight characteristics of these special vehicle types probably have little influence on the accuracy of 
the fatigue analysis. Discussion of the w.eight Characteristics of the "double-bottom" trucks is reserved for later in 
this report. 
The greater total lengths of these vehicle types have a decided influence on the vehicle-gap probabilities if these 
vehicles occur in sufficient quantities at any bridge location. Their observed lower average running speed, however, 
may have negating influence on this change in the vehicle-gap probabilities attributable to increased length. For this 
reason, consideration of these vehicle types separately in the present report was deemed inappropriate at this time, 
especially in view of their limited usage of these facilities. Instead, these vehicles were coded by the conventional 
format according to the total number of axles on the road and whether the vehicle was a single-unit or combination 
truck. This means that the C-3A + 2A trailer was coded as a C-5A vehicle. If one or more of the unique vehicle types 
listed in Table 6 should evolve as a significant component of the total traffic stream in the future, this decision 
should then be reevaluated. 
*The C&O Bridge was closed to traffic in December 1968. 
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Dislri.butlon of Vehicle 
The main purpose of the special classification counts was to provide information for developing average 
vehicle-gap distributions. The importance of these gap distributions was realized while developing the probabilities 
associated with the occurrence of the vehicle-loading combinations as presented in the report summarizing the first 
phase of the study (I). 
All vehicle-gap information was taken coincidentally with the regular classification counts. The only difference 
between this count and a normal classification count was that the time of observation of each individual vehicle was 
recorded. This means that the data were taken in three eight-hour intervals representing either a Tuesday, 
Wednesday, or Thursday in March 1968 so that the entire 24-hour day was represented. In this study, individual gap 
intervals were obtained by observance of a watch (to seconds); the vehicle types were discriminated visually. 
Statistical tests of hypothesis concerning the equality of directional vehicle-gap distributions were made for 
combination trucks and for all trucks combined. & with previous tests, a ten percent level of significance was 
chosen for the two-sided, paired "t" tests. Results of these tests (see Table 7) indicate that directional vehicle-gap 
distributions can be combined at a high level of confidence. 
Based on the above statistical tests, the directional vehicle-gap distributions were combined according to 
number of vehicles observed to obtain the average daily vehicle-gap distribution as a function of the percentage of 
vehicle gaps less than or equal to a specific gap interval for combination and total trucks for each bridge location. 
The distributions illustrated in Appendix D indicate that the relationship between vehicle gap and the corresponding 
probability ·of occurrence is very strong and reasonably consistent. This consistency indicates that the combination 
of individual distributions of all bridges was statistically possible if sufficient data were made available. 
The lack of such a volume of data has been mentioned previously. As a consequence, statistical analyses for 
eliminating the variable ''bridge location'' were thought to be inappropriate since compatible vehicular volume levels 
must be used for each bridge considered. Too few bridge locations were tested to adequately ascertain the joint 
effects of the variables "percent trucks" and "traffic volume". 
Figures 5 and 6 show the vehicle-gap distributions for all bridges combined for combination trucks and total 
trucks, respectively. Although this generalization cannot be justified statistically, because of insufficient data, it is 
believed that the consistency of vehicle-gap distributions for the individual bridges illustrated in Appendix D made 
this summarization acceptable for presentation. If these results are to be used for other than illustrative purposes, 
the user should be aware of factors involved in their summarization. 
It is intuitive that as traffic volume increases for a particular location, the average vehicle gap decreases. This 
relationship is illustrated in Figure 7 for the results made available from limited data obtained in this analysis. 
An attempt was made to correlate the vehicle-gap distributions with the geometries of the bridges. Figures 8 
and 9 show vehicle-gap relationships as a function of bridge roadway width and overall bridge length, respectively. 
Although general trends are apparent from these plots, the relatively small amount of available data and the presence 
of other influencing variables, such as traffic volume and percent trucks, prevents their individual influences from 
being accurately discerned. 
Spot-.Sp<ced Studies 
Spot8speed surveys were made at the bridge locations under consideration so that certain vehicular operational 
characteristics necessary to the development of the probabilities associated with the relative occurrence of selected 
vehicle groupings could be obtained. Average vehicular spot speeds for each truck type were obtainted at each bridge 
location. This information was necessary for developing the equivalent number of autos per hour and level of service 
and capacity for each particular bridge location and traffic condition. A knowledge of average spot speeds was also 
necess�y for development of the average vehicle-gap distributions. 
Selection of Test Sites 
Several criteria were established in selection of individual test sites. These sites should represent critical traffic 
operations -- locations at which 'the anticipated average spot speeds were the lowest. Also, to assure that average spot 
speeds obtained at those locations were not biased, the test equipment and observer must be located inconspiciously 
with respect to the highway user. This was necessary since drivers tend to slow their vehicles upon observance of a 
parked car near the roadway. The presence of a state-owned vehicle with a lone passenger sitting in the front seat 
seems to aggravate this situation. This reduction in speed is partly due to the driver's fear of being observed 
committing a traffic violation (as in the case of a habitually fast driver or where speed limits are unrealistically low) 
and partially due to the driver's natural curiousity. 
It is intuitive that the observation vehicle must also be located at a position where the critical spot-speed 
distribution can be recor4ed accurately by use of the radar meter. Because of the physical restrictions of the bridge 
proper (the roadway width was extremely narrow at all bridges considered) consideration was given to the bridge 
terminals as possible critical locations. It is at these points that the driver must adjust to changes in roadway width 
and lateral clearance. At some bridge locations, the driver must also traverse sharp horizontal and vertical curves, or 
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Table 8 
Directional Mean Vehicle Spot Speeds 
AVERAGE SPOT SPEEDS (MILES PER HOUR) 
AUTOS SINGLE-UNIT 
AND TRUCKS AND COMBINATION 
BRIDGE DIRECTION SU-2A-4T BUSES TRUCKS TOTAL TRUCKS TOTAL VEHICLES 
ASHLAND- NORTH 24.9 24.4 24.0 24.2 24.9 
COAL GROVE SOUTH 25.1 21.2 20.6 20.9 24.5 
L & N  NORTH 30.2 26.9 21.2 26.6 30.1 
SOUTH 31.5 24.9 22.8 24.5 31.2 
CENTRAL NORTH 27.6 24.6 22.5 24.3 27.3 
SOUTH 29.0 29.5 27.5 29.2 29.0 
SUSPENSION NORTH 27.5 22.7 19.2 22.4 27.0 
SOUTH 27.5 26.2 24.1 25.8 27.3 
C & O  NORTH 28.7 22.8 18 5 21.8 27 8 
SOUTH 30.5 30.7 24.2 28.7 30.3 
PADUCAH- NORTH 25.5 20.8 24.1 22.8 25.3 
BROOKPORT SOUTH 24.2 21.0 20 8 20.8 24 0 
Tab1e9 
Mean Vehicle Spot Speeds 
AVERAGE SPOT SPEEDS (MILES PER HOUR) 
AUTOS SINGLE-UNIT 
AND TRUCKS AND COMBINATION TOTAL TOTAL 
BRIDGE SU-2A-4T BUSES TRUCKS TRUCKS VEHICLES 
ASHLAND 25.0 22.8 22.0 22.5 24.7 
L&N 30.4 26.4 22.2 26,1 30.3 
CENTRAL 28.3 27.4 25.4 27.1 28.2 
SUSPENSION 27.5 24.6 22.8 24.3 27.2 
C&O 29.7 27.0 22.1 25.7 29.2 
PADUCAH-
BROOKPORT 25.0 20.9 22.9 22.1 24.8 
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bridge member under consideration is subjected to stress from both vehicles at the same time. Intuitively, this gap 
length can be no longer than the length of the bridge. The actual gap length is dependent upon the span lengths and 
location of the bridge member under consideration. If this critical length is designated as 110", then the probability 
that two consecutive vehicles are of type A and contribute to the fatigue of the bridge concurrently is found by 
multiplying the probability obtained above by the probability (Pa) that the gap length is less than the critical length, 
or 
P = PA
2Pa. 
The equivalent of "PA, has been defined and quantitized in the previous report (1). The quantity "Pa" has 
heretofore remained unknown. 
Modification of available data from the special classification study to vehicle-gap probabilities requires certain 
mathematical operations. Gap lengths associated with the above probability equations are in terms of linear 
distances; gap lengths obtained from the special study are in terms of "time" (in seconds). Conversion of these 
parameters to a compatible basis is facilitated by considering the average running speeds of the vehicles. This is 
critical since most of the bridges being studied are predominately low�volume bridges. The relationship between the 
gap length in seconds (a8) and the gap length in feet (Gf) is found by 
a8 = af/1.467V 
or 
Gf = 1.467 a. v 
where V is the avearage spot speed in miles per hour of the vehicle type under consideration. Figure 11 was 
constructed to present this relationship graphically. Appendix D shows the conversion of mean gap distributions 
from a unit of "time" to a unit of "length" for each bridge, direction, and vehicle grouping. The average spot speeds 
presented in Table 9 were used to simulate average running speeds. 
Designation of vehicle-gap probabilities from any special classification survey data proceeded as follows: 
1. The critical gap length (in fee.t) was designated fOr each particular bridge member to be analyzed. 
2. This gap length (af) was converted to a time-dependent gap length (a5) by the equations presented 
previously or by entering Figure 11 directly, This conversion has been made graphically for each bridge 
under study in this report as is indicated in Appendix D. 
3. Appendix D was entered and the appropriate curVe was chosen based on the vehicle class and bridge 
location. 
4. The percentage of gaps (M) between vehicles of the particular vehicle type less than or equal to the 
designated gap distance was obtained by locating the gap length of the ordinate, moving horizontally to 
the appropriate curve, and then down to the abscissa vertically. 
5. The desired probability was then found by 
Pa = M/100. 
Development of the critical gap-length probabilities allowed the computation of vehicle-loading probabilities as 
presented previously ( 1). 
Only three classes of vehicles were considered in this phase of the report: total vehicles, total trucks, and total 
combination trucks. Because of the small amount of data available for this study phase, extension of these data to 
individual vehicle types was believed unreasonable. The wide variety of vehicle types and weights presently observed 
on Kentucky highways makes the previously illustrated vehicle groupings ( 1) impractical if each vehicle type and 
weight group is to be considered. Composite weight and classification groupings are therefore required. The 
classification scheme selelcted above, although minimal, is believed to be adequate. Probabilities derived previously 
(1) for each vehicle type and weight group are still appropriate since they can be summed for any classification 
scheme designated. 
p.,o...ma., Tl:llff"��: V orume 
A secondary purpose of this special classification study was to assess usage of bridges by pedestrian traffic. If 
few pedestrians use the bridge, the sidewalks might be removed. If the sidewalks were located directly adjacent to 
the roadway, increased roadway surface width would result in a higher level of service and an increase in capacity.lf 
the sidewalks are cantilevered outside of the main trusses, removal of the complete sidewalk structure would result 
in a significant decrease in "dead load, of the bridge. 
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Pedestrian traffic distributions as a function of the hour of day are shown in Table 12 for each direction at each 
bridge, It is noted that the trend of hourly distribution of pedestrian traffic corresponds approximately to that of 
the hourly vehicular traffic volumes. This strongly suggests that a large portion of the pedestrian traffic is going to_ or 
from their work location. The decision of whether or not to remove one or more of the sidewalks then depends on 
the relative magnitude of the pedestrian traffic and the potential increase in level of service and capacity or decrease 
in the dead load. Since these bridge locations would be classified as urban highways or urban extensions, pedestrian 
counts should be made on the weekends to allow the determination of "weekly" rather than "daily" average 
pedestrian volumes. 
The special classification counts have provided a wealth of traffiC classification information. Vehicle�gap 
distributions and hourly vehicle· and pedestrian4raffic volume distributions were previously unknown. 
The hourly traffic·volume distributions indicate that these bridges serve predominately urban traffic although a 
large percentage of the larger truck types was observed. Extreme peakehour volumes associated with work trips were 
noted. Through traffic constitutes a noticeable portion of the daily traffic on some bridges. This could be expected 
since alternative rural routes are not readily available to some traffic. Pedestrian traffic was fairly low on all bridges. 
Several bridges carried such low Pedestrian volumes that removal of all sidewalks might be considered if the increase 
in pavement width would increase the level of service or decrease the unit dead load appreciably. No bridge had 
sufficient pedestrian traffic to justify more than one sidewalk. 
Information on the vehicle-gap distributions for the selected vehicle classifications was made available for the 
first time by data from this study. This information enables development of vehicle-gap probabilities which are 
necessary for ascertaining vehicle·load probabilities. 
In addition, this study provides a check on previously derived classification data and traffic parameters at these 
bridge.locations (1, 5). Total daily traffic volumes were found to correlate extremely well with those obtained by 
projecting ADT curves based on data from previous studies. The evolution of vehicle type perc�ntages also 
proceeded as was anticipated, 
Although only a minimal amount of data was available from this study, generalized values for the traffic 
characteristics necessary for a fatigue analysis were made available. It is anticipated that study in this area will be 
continued so that better relationships can be synthesized. 
Vehicles having axle spacings unique to those usually observed for each vehicle type were discussed in detail in 
the main body of the present report. The small number of "unique" vehicles encountered in this study resulted in 
combination of these vehicles with standard types having the same number of axles when the final analyses were 
made. 
Another area of study included in the present report concerned violations of loading and total length. Although 
an almost insignificantly small number of violations concerning total lengths were recorded, legal allowable axleloads 
and gross loads were exceeded quite frequently. These results are shown in Tables 16 and 10 and in Appendix F. 
Although a relatively small amount of loadometer data was taken during the loadometer surveys, in relation to 
the number of variable combinations considered in consequent summarizing analyses, consistency of the data was 
tantamount in providing a wealth of information concerning weight characteristics of traffic using the bridges in 
1968. Similar studies should be continued at these bridge locations in the future so that changes in the magnitudes 
of these parameters can be ascertained. 
Although a voluminous amount of data was available from previous classification counts taken throughout the 
state, a relatively small amount of loadometer data had been taken on Kentucky highways in the past. This was 
particularly true for the bridge locations under consideration since no loadometer surveys had been made before 
those conducted for the present study. The usage of available statewide loadometer data for simulating bridge 
loading conditions was judged undesirable for several reasons. The amenability of available loadometer data to 
statistical significance tests was questionable since the method of selecting vehicles from the traffic stream for 
weighing in previous loadometer surveys could not be ascertained as random. Even if the data were proven to have 
been taken in a random manner, the uniqueness of the bridge locations makes any simulation using statewide data 
highly suspect. 
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Collection and Compllation of Data 
To overcome this deficiency of applicable vehicleaweight data, loadometer surveys were made at most of the 
Ohio River crossings during the summer of 1968, These surveys were conducted by the Department of Motor 
Transportation as part of their normal regulatory surveillance. Certain sampling techniques and weighing procedures 
were specified by the Division of Research in order that the data would be amenable to statistical analyses at a 
reasonable level of significance. Portable scales were positioned adjacent to the roadway surface near the bridge 
location. The scales were not placed on the bridge proper because of the extreme narrowness of the roadway and the 
large influx of traffic. This induced no error into the procedure since the scales were always located between the 
bridge proper and the first intersecting roadway. Location of the scales at this position allowed vehiclar operation on 
the bridge proper and the adjacent approaches to continue normally. 
Trucks were flagged out of the traffic stream as randomly as possible. Axle weights and spacings were then 
recorded regardless of the vehicle type or whether the vehicle was empty, partially loaded, or fully loaded. This was 
continued until approximately thirty of each predominate vehicle type had been checked. The value of thirty was 
chosen since this is the number generally associated with the statistical law of large numbers. In other words, 
observation of thirty vehicles of a particular vehicle type should provide data of sufficient accuracy to adequately 
describe the loadometer characteristics of each vehicle type under prevailing traffic and roadway conditions at a 
reasonable statistical level of significance. In many cases, an insufficient number of vehicles (less than thirty) of a 
particular vehicle type were observed during the period of testing. Continuance of the testing period until all vehicle 
types were represented statistically was adjudged unreasonable. This was especially true for some of the bridges near 
Cincinnati where low truck volumes prevailed because of the physical condition of the bridges and because a 
superior alternate route (I 75) was readily available. 
In addition to recording axle weights and axle spacings by vehicle type, supplemental information was obtained 
so that variation of the above parameters could be better ascertained. This information included: 
1 .  Bridge location. Bridge location must b e  known so that the effects of average daily traffic (ADT) and 
relative vehicle type percentages can be ascertained. This latter information was made available from 
studies discussed in Part I of this report. 
2. Direction of travel. Attempts were made throughout this study to eliminate the variable "direction" 
whenever statistically possible. Since truck trips generally consist of a closed loop, it was suspected that 
trucks traveling in one direction may be heavier than those traveling in the opposite direction. 
3. Time of day. It was anticipated that the effects of "time of day" were relatively unimportant. Only local 
trips by some of the lighter trucks were thought to be influenced siginificantly by this variable. 
4. Degree of truck loading. In most cases, comments were made as to the degree each truck was loaded. 
Consequently, only qualitative discussion can be made concerning the effects of this variable. 
The raw loadometer data and corresponding supplemental information discussed above were then transformed 
to a functional and consistent format so that the data analyses would be amenable to computer techniques. The 
format chosen and subsequently used is given in Table 13. The corresponding code descriptions for variables given in 
this table are presented. in Table 14. During the transformation of these data to computer cards, some discrepancies 
were noted in some data. For example, four individual axle weights might be given for a specific vehicle whereas 
only two axle spacings were denoted. All data such as this was eliminated from the analysis. 
One further note should be made concerning the direction designated for the traffic using each bridge. The 
"direction" code denotes general direction of travel rather than the orientation of the bridge. For this reason, 
vehicles at all bridge locations in this study were specified as either 41northbound" or "southbound". 
The primary purpose of the special loadometer surveys was to provide applicable current information 
concerning a:xleloads, gross loads, and axle configurations for the various vehicle types on each bridge. Such basic 
information is requisite to the establishment of equivalent load relationships necessary for the development of 
fatigue analyses. It was mandatory that data be collected so that trends of both axleloads and gross loads could be 
established since the type of loading to be considered in a fatigue analysis depends on the type of bridge member to 
be analyzed. For example, axleloads should be used when a lateral floor beam is to be analyzed, whereas gross 
vehicle loads should be considered when the fatigue life of a stringer or any truss member is to be analyzed. 
The presentation of each loading designation was facilitated by summarizing the data by combinations of 
variables in terms of discrete loading distributions and by the normal statistical parameters. Because the relationship 
between vehicle load and corresponding contribution to fatigue is nonlinear and dependent on material properties, 
only discrete loading distributions are applicable to fatigue analyses. Usage of average loads rather than load 
distributions would result in excessively large fatigue life values since almost all average load values would fall below 
the endurance limit of the structural member. Such computations would indicate that a bridge with an actual fatigue 
life of say one hundred years would not fail by fatigue for a much longer period of time. 
The basic statistical parameters were primarily included in this study for illustrative purposes and for adding 
perspective to the relative magnitudes of the principal variables. These basic parameters were also necessary for 
performing the tests of hypothesis presented in following sections of this report. These statistical tests were made to 
ascertain the possibility of discarding statistically irrelevant variables from the analyses. 
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Table 14 
Description of Variable Codes for Special Loadometer Stady 
I. Vehicle-Type Code Ill. Direction Code 
Cades Meaning Codes Meaning 
Single-unit truck, 2 axles, 1 North 
four tires 2 South 
2 Single-unit truck, 2 axles, 
dual tires IV. Time Code 
3 Single-unit truck, 3 axles 
4 Combination truck, 3 axles Cades Meaning 
5 Combination truck, 4 axles 
6 Combination truck, 5 axles 1-12 Hours from lam-12pm 
7 Combination truck, 6 axles 13-24 Hours from 1 pm-12am 
II. Bridge Location Code V. Weight Code 
Codes Meaning The actual axle weights are the only 
codes used in this instance. 
Ashland to Coal Grove 
Bridge VI. Spacing Code 
2 Newport to Cincinnati 
(L & N) Bridge The actual axle spacings are the only 
3 Newport to Cincinnati codes used in this instance. 
(Central) Bridge 
4 Covington to Cincinnati VII. Loading Condition 
(Suspension) Bridge 
5 Covington to Cincinnati Cades Meaning 
(C & 0) Bridge 
6 Paducah to Brookport 1 Loaded 
(US 45) Bridge 2 Partially Loaded 
7 Maysville to Aberdeen 3 Empty 
Bridge 
8 Covington to Cincinnati VIII. Violation Condition 
(1-75) Bridge 
9 Louisville to Cades Meaning 
Jeffersonville (I-65) 
10 Owensboro to Rockport I Violation on 1 axle 
(US 231) Bridge 2 Violation on 2 axles 
II Henderson to Evansville 3 Violation on 3 axles 
(US 41) Bridge etc. etc. 
12 Spring Grove to 
Shawneetown Bridge 
13 Wickliffe to Cairo Bridge 
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Table IS 
Comparison of Directional Mean Vehicle Gross Weights 
STATISTICAL TEST - PARIED "t" 
TEST OF HYPOTHESIS - flo: 11 Sonthbnund = 11 Northbound 
VEHICLE ACCEPTANCE STATISTICAL 
TYPE ii Sd v RANGE t DECISION 
SU-2A-6T 59 2622 12 ±1.78 0.08 Accept flo 
SU-3A -3046 9796 10 ±LSI -1.03 Accept H0 
C-3A -1584 4418 9 ±1.83 -1.13 Accept H0 
C4A -3866 7862 12 ±1.78 -1.77 Accept flo 
C-5A -2897 7884 I I  ±1.80 -1.27 Accept H0 
Table 16 
Comparison of Directional Mean Vehicle Gross Weights for all Vehicle Types 
STATISTICAL TEST - PAIRED "t" 
TEST OF HYPOTHESIS - flo: 11 Northbound= 11 Southbound 
ACCEPTANCE STATISTICAL 
BRIDGE d Sd v RANGE t DECISION 
ASHLAND -151 14122 3 ±2.35 -0.02 Accept H0 
L&N 2825 2076 2 ±2.92 2.36 Accept H0 
CENTRAL 956 1040 3 ±2.35 - 1.84 Accept H0 
SUSPENSION 866 3887 3 :!).35 0.44 Accept H0 
C&O -1231 2518 4 ±2.13 - 1.09 Accept H0 
PADUCAH -8310 10403 3 :!:2.35 -1.60 Accept Ho 
MAYSVILLE 382 8949 4 :!:2.13 0.10 Accept H0 
I 75 404 9287 4 .:':2.13 0.10 Accept H0 
I 65 (Kennedy) -8226 6911 4 :!:2.13 -2.66 Reject H0 
OWENSBORO -3549 3849 4 :!:2.13 -2.06 Accept H0 
HENDERSON 4655 2253 4 ±2.13 4.62 Reject H0 
SHAWNEETOWN -2065 1328 4 ±2.13 -3.48 Reject H0 
CAIRO 4158 6859 4 ±2.13 -1.36 Accept Ho 
31 
to be small enough to define the distribution but large enough to be supported by the data in most cases. In 
addition, most presently used legal maximum allowable gross-weight levels are multiples of 6,000 pounds (30,000 
pounds, 60,000 pounds, 72,000 pounds, etc.). 
Although positive results were obtained, statistical tests hypothesizing the lack of significance between mean 
directional gross vehicle loads were believed not to be applicable for evaluating the significance of tht:: variable 
"direction" with regard to the distribution of gross vehicle weights. A suitable statistical test procedure was then 
sought to ascertain this relationship. Although it was concluded that most applicable statistical tests of hypothesis 
would consider the paired differences between the mean percent of vehicles in each weight class as a function of 
vehicle type and bridge location, such an involved testing procedure was believed to be unwarranted and unrealistic 
based on the relatively small amount of data available and the large number of possible combinations of variables. 
An assumption as to the normality of the individual distributions, however, would allow the use of an alternative 
test procedure. Consequently, assuming that the distributions were approximately normal, tests of hypothesis 
comparing the directional sample variances of the mean gross loads were conducted at the ten percent level of 
significance. The results of these tests are shown in Table 19. It should be emphasized that these tests were made 
only for Vehicle Type 5 (C-4A vehicles). Because of the large number of variable combinations, the decision was 
made to consider only one vehicle type. Vehicle Type 5 was chosen because it was the only vehicle type for which 
vehicles traveling in both directions were measured at all bridge locations. Based on the results of the tests of 
hypothesis (presented in Table 19) at the level of significance stipulated for these tests, the variable "direction" was 
eliminated from the analysis of gross vehicle-load distributions. 
As anticipated, the range of gross vehicle loads for a specific gross-load distribution depended primarily on the 
maximum allowable gross load. This indicates that the highway user is somewhat attentive to the posted legal gross 
load limit. 
In spite of the above observation, numerous trucks were weighed which exceeded the legal maximum allowable 
gross-weight limit posted on the bridges. Table 20 shows the percentages of violations and the total number of 
violations observed at each bridge for each of the vehicle classes containing overweight vehicles. The percentage of 
violations appeared significant, especially since a few of the violations were in excess of 24,000 pounds for a single 
vehicle. Actual gross-load violations as a function of the variable combinations are presented in greater detail in 
Appendix F. 
If the gross vehicle-load data are to be used as input into an analysis in a format similar to that presented in 
Appendix E, a modification of the data should be made. Because of the relatively small data bank available, it is 
recommended that a "corrected" distribution be obtained by plotting the discrete gross-load distribution points and 
then selecting the "corrected" mean gross-load values at the mean of each gross-weight class interval from a smooth 
curve best fitting these discrete points. 
Axleloods 
Although gross vehicle load is the most applicable loading parameter used in the fatigue analysis of large bridge 
structures, axleloads are used for certain bridge deck members. An example of the latter case would be lateral floor 
beams when these beams are not spaced very far apart. 
Considerable axleload information is available from past loadometer studies (1, 3). Data from the present study 
are included in this report -- even though extensive axleload data are available from other sources -- for the following 
reasons: 
1 .  The present study i s  restricted to data from traffic surveys made in 1968. This means that trends o f  1968 
axleloads with respect to previous results can be ascertained. 
2.  The p;resent study includes the analysis of the loadometer data to a greater detail than was provided 
previously -- it relates the different axleload parameters to bridge location, direction, and axle position for 
each vehicle type. 
Average Axleloads 
Appendix G shows the average axle weight for each axle position of each vehicle type at each of the thirteen 
bridge locations at which loadomett>r surveys were made. Included with each mean is. the corresponding standard 
deviation about that mean based on the number of vehicles weighed for that variable combination. 
Considerable variation in average axleloads was noted among the various variable combinations. Diffferences 
with respect to bridge location resulted primarily because of the different types of highway systems involved. The 
wide variation in average axleloads between highway bridges for the larger truck types seemed to result from the 
differential pos�ed legal gross-load limits. 
Conspiciously absent from the consideration of the summarized average axle weights presented in Appendix G 
is the variable "direction". Although differences in average vehicle axle weights between opposing directions of 
traffic were anticipated, it was hoped that this difference would not be statistically significant. Tests of hypothesis 
that the individual mean average vehicle axle weights of opposing traffic streams were equal were made at the ten 
percent level of significance. Paired observations by bridge location were compared for each axle position of each 
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vehicle type. The results of these tests are shown in Table 21. Based on these results, the variable "direction" was 
eliminated from the analysis of average vehicle axleloads. 
Appendix G shows the average axle weight for each vehicle type and axle position for all thirteen bridges 
combined. Although the summarization of the axle weight parameters with respect to "bridge location" cannot be 
rationalized statistically, this summary was made to provide an indication of the central tendency of all axleloads 
observed during the loadometer surveys. It should be emphasized that these are not usable averages aa no effort was 
made to combine them by weighting them with respect to vehicle types and total traffic volumes. 
Axleload Distribution 
Axleload distributions as a function of axle position, vehicle type, and bridge location are given in Appendix H. 
Insufficient data to establish the significance of some of the variable combinations is indicated there by the large 
number of "zero" entires. It is believed, however, the data suffice to establish significance of other variable 
combinations. 
As with previous parts of this study, attempts were made to eliminate "direction" from the analysis so the 
results could be summarized in a much simpler form. The results from the tests of hypothesis of equal directional 
variances are shown in Table 22. It should be noted that only axle weights from combination four-axle trucks were 
used there. This was necessary because of the unmagnageably large number of statistical tests required if all vehicle 
types were considered. The selection of the combination four-axled truck as a "test" vehicle type was based on the 
following considerations: 
1 .  This vehicle type showed the greatest variation in axle weights. This indicates that if the variances are 
proven statistically equal for this type of vehicle, then intuitively they should be equal for the remaining 
vehicle types. 
2. This vehicle type is one of the most significant contributors to the fatigue of bridge members at all of the 
bridge locations. 
3. A relatively large number of this type of vehicle was measured at each bridge site. 
4. This was the only type of vehicle weighed in both directions at all bridge locations. 
The results of these tests, as shown in Table 22, indicate that elimination of the variable "direction" was statistically 
justified at the ten percent level of significance. 
Included in Appendix H are the summarizations of the axleload distributions by vehicle type and bridge 
location as well as the summarization of all axleload distributions in terms of vehicle type only. No attempt was 
made to summarize these distributions statistically ;  the data indicates that this would be impossible. Use of these 
values would, therefore, require a knowledge of the relative accuracy lost due to summarizing and the accuracy 
desired of the simplified analysis. 
Only a relatively small number of gross-load violations were observed on most of the highway bridges, and 
those were restricted to three combination vehicle types. Axleload violations, however, were recorded for most of 
the vehicle tYpes at all of the bridges. The distribution of violations of the maximum allowable axleloads at each 
bridge for each type of vehicle is shown in Appendix F .  Although the effect of axleload violations on the fatigue 
analysis of long-spanned bridge members is insignificant (except when analyzing closely spaced lateral floor beams), 
the life of the bridge may be reduced significantly due to the damage done to the deck. Thus, the life of the bridge 
may be reduced indirectly as a result of large axleloads. 
Axle Spa,cin1;s 
Variations in axle spacings and axle configurations result in the gross loads being distributed to the bridge deck 
in differential loading patterns. This means that vehicles having the same gross loads and the same number of axles 
but different axle spacings produce different maximum live-load bending moments. The corresponding bending 
stresses induced in the particular bridge member result in dissimilar levels of fatigue damage if the stress level is 
above the endurance limit of that member. These fatigue variations are pronounced for bridges having span lengths 
in the same range as the vehicle wheel bases. The extent of fatigue variations depends on the relative magnitudes of 
the gross loads, axle spacings, the bridge span length, and the stress induced in the structural member. 
Although the vehicle classification system chosen in this study necessarily differentiates combination trucks by 
number of axles only, the comprehensiveness of the loadometer surveys provided data amenable to further 
refinement', The most common axle configuration for each of the combination vehicle types considered are shown in 
Figure 3. All combination three-axled vehicles and combination sixaaxled vehicles had axle configurations identical 
to those indicated in Figure 3. Combination four- and five.-axled vehicles had numerous axle patterns because of the 
diversity of tractor and trailer types presently manufactured and the corresponding coupling of these components 
somewhat randomly. 
Figures 12 and 13 illustrate, respectively, the types of tractors and trailers observed. The relative frequency of 
each combination four-axl.ed and five-axled truck by total number of axles are shown in Tables 23 and 24, 
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Table 22 
Comparison of Directional Variances of Vehicle Axle Weightsl 
STATISTICAL TEST - "F" TEST 
TEST OF HYPOTHESIS - llo: Jl Northbound = Jl Southbound 
AXLE ACCEPTANCE STATISTICAL AXLE ACCEPTANCE STA11STICAL 
BRIDGE LOCATION 'NB 'SB n s RANGE F DECISION BRIDGE LOCATION 'NB 'SB n s RANGE F DECISION 
I 1646 1637 15 8 0.38-3.22 1.01 Accept Ho 8 I 1649 1777 22 7 0.39-3.42 0.86 Accept H0 
2 1315 4086 .10 Reject H0 2 4457 4488 0.99 Accept H0 
3 2578 4348 .35 Reject H0 3 5264 5516 0.91 Accept H0 
4 2617 4803 .30 Reject H0 4 5155 5261 0.96 Accept H0 
2 I 824 818 2 I 0.05-200 1.01 Accept H0 9 1 1268 2007 15 21 0.43-2.18 0.40 Reject H0 
2 2668 4345 .38 Accept llo 2 4797 4976 0.93 Accept H0 
3 4752 4049 1.38 Accept H0 3 5136 5658 0.82 Accept flo 
4 4580 2300 .97 Accept H0 4 4736 5304 0.80 Accept H0 
3 1 1400 1349 16 17 0.43-2.29 1.08 Accept H0 10 1 1200 2d66 17 20 0.45-2.23 0.34 Reject Ho 
2 3737 5095 .54 Accept Ho 2 3124 3500 0.80 Accept H0 "' 3 4230 3487 1.47 Accept H0 3 3920 3563 1.21 Accept H0 __, 
4 3539 3148 1.26 Accept H0 4 3659 4023 0.83 Accept H0 
4 I 979 1496 4 4 0.16-6.39 0.43 Accept H0 11  I 1714 1392 29 28 0.53-1.89 1.52 Accept Ho 
2 2733 1326 4.25 Accept H0 2 4200 3154 1.77 Accept H0 
3 1922 1593 1 .46 Accept H0 3 4802 3108 2.39 Reject Ho 
4 2177 2158 1.02 Accept H0 4 4320 3210 1.81 Accept H0 
5 1 1946 2029 16 l l  0.4D-2.70 0.92 Accept H0 12 1 1 723 300 2 1 0.05-200 32.99 Accept H0 
2 4493 4149 1.17 Accept H0 2 2123 4703 0.20 Accept H0 
3 3135 3914 0.64 Accept H0 3 3914 6900 0.32 Accept H0 
4 3052 3426 0.79 Accept H0 4 3052 2700 1.28 Accept H0 
6 1 1720 500 3 I 0.10-216 IJ.83 Accept H0 13 I 1596 1462 19 18 0.45-2.21 1.19 Accept H0 
2 2441 3300 0.55 Accept H0 2 3794 3834 0.98 Accept Ho 
3 360 4800 0.01 Reject H0 3 4306 4396 0.96 Accept H0 
4 529 2655 0.04 Reject H0 4 4243 4289 0.98 Accept H0 
7 1 ll87 1860 9 18 0.34-2.46 0.41 Accept H0 All I 1589 1951 181 167 0.85-1.18 0.66 Reject H0 
2 5614 4602 1.49 Accept H0 2 4196 4531 0.86 Accept H0 
3 4739 5433 0.76 Accept H0 3 4501 4659 0.93 Accept H0 
4 6058 5300 1.31 Accept H0 4 4368 4429 0.97 Accept H0 
lBased on C4A Vehicles Only. 
Table 23 
Frequency Distribution of C-4A Vehicles by Axle Configuration 
BRIIJGElli=:J [1CJ � TOTAL NUMBER OF OBSERVATIONS 
ASHLAND 0 0 24 24 
L & N  2 0 1 3 
CENTRAL 0 0 35 35 
SUSPENSION 0 0 1 0  1 0  
C & O  0 0 29 29 
PADUCAH 0 0 6 6 
MAYSVILLE 0 I 28 29 
I-75 0 0 3I 31 
I-65(KENNEDY) 2 2 35 39 
OWENSBORO 0 0 39 39 
HENDERSON 0 0 59 59 
SHAWNEETOWN 0 0 4 4 
CAIRO 0 0 40 40 
TOTAL NUMBER 
OF OBSERVATIONS 4 3 341 348 
PERCENTAGE 1 I 98 IOO 
Table 24 
Frequency Distribution of C-SA Vehicles by Axle Configuration 
BRIDGE � � � � � � TOTALNUMBER OF OBSERVATIONS 
AsHLAND 1 5  7 2 2 2 I 29 
L & N  2 0 0 0 0 0 2 
CENTRAL I 7  2 0 3 0 0 22 
SUSPENSION I4 6 0 0 0 0 20 
C & O  1 7  1 0 3 0 0 21 
PADUCAH 23 0 0 0 0 0 23 
MAYSVILLE 26 3 0 0 0 0 .29 
I-75 22 7 0 3 0 0 32 
I-65 (KENNEDY) 30 4 1 1 0 1 37 
OWENSBORO 58 2 1 1 0 0 62 
HENOERSON 59 0 2 0 0 0 61 
SHAWNEETOWN 14 1 0 1 0 0 1 6  
CAIRO 59 0 0 0 0 0 59 
TOTAL NUMBER 
OF OBSERVATIONS 356 33 6 14 2 2 413 
PERCENTAGE 86 8 1 3 1 1 100 
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FIGURE 14.  RANGE OF AXLE SPACINGS (IN FEET) FOR UNUSUAL C-4A AND C-SA VEHICLES TYPES. 
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*C-4A AND C-SA AXLE-SPACING RANGES ARE SHOWN IN FIGURE 14. 
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FIGURE 1 5. RANGE OF AXLE SPACINGS (IN FEET) BY VEHICLE TYPES.* 
Table 27 
Frequency Distribution of Wheel Bases by Vehicle Type 
VEHICLE 
TYPE 
SU-2A4T 8 23 
SU-2A-6T 1 342 134 6 
SU-3A 21 163 1 9  
C-3A 1 10 27 41 38 26 14 1 
C4A 1 2 1 1  5 1  199 82 4 
C-5A 4 1 8 55 200 123 6 1 1 
C-6A 5 
TOTAL 9 386 298 37 42 llG 292 308 146 7 1 1 0 
Table 28 
Frequency Distribution of Total Vehicle Lengths by Vehicle Type 
VEIDCLE TOTAL VEHICLE LENGTH FEET 
TYPE <IS I IS-20 I 20-25 1 25-30 1 30-35 1 35-40 1 40-45 1 45-50 1 50-55 I 55-60 I 60-65 I 65-70 I >70 
SU-2A-4Tl 8 
SU-2A-6Tl 1 
SU-3Al 
C-3A2 
C4A2 
C-SA2 
C-6A2 
TOTAL 0 9 
23 
342 134 
76 123 
1 
441 258 
I Maximum Allowable Legal Limit = 35 ' 
2Maximum Allowable Legal Limit = 55 ' 
6 
4 
10 27 
2 11  
4 1 8 
26 56 
VIOLATION 
41 38 26 14 1 
5 1  199 82 4 
55 200 123 6 1 1 
5 
147 437 236 24 2 0 
43 
TOTAL 
NUMBER OF 
VEHICLES 
OBSERVED 
31 
483 
203 
!57 
350 
408 
5 
1637 
TOTAL 
NUMBER 
OF 
VEHICLES 
OBSERVED 
31 
483 
203 
157 
350 
408 
5 
1637 
SUMMARY 
Because of the wide variety of information obtained from the loadometer surveys made at the bridges, many 
previously unquantitized vehicle characteristics could be analyzed. One of the most important findings arising from 
this study concerned the influence of the variable udirection of travel" on gross loads, axleloads, and axle spacings. 
Results from statistical tests of hypothesis indicated that this variable had no statistical influence on the means at 
the ten percent level of significance. 
In order to eliminate "direction of travel" from the -entire axleload and gross load analyses, it was also 
necessary to establish that this variable had no influence on the distributions. Because of the relatively small amount 
of data for the correspondingly large number of parametric distribution classes, direct comparison of the directional 
distributions was not feasible. Since these parameters were observed to occur approximately normal with respect to 
their means, alternate tests of hypothesis were thought to be applicable. Consequent statistical tests hypothesizing 
the equality of directional variances were made at the ten percent level of significance. As for the means, the 
variances for these parameters were found to be unrelated to "direction of travel". Based on these results, 
11direction" was excluded from the summarized results. 
Average gross loads as a function of vehicle type and bridge location are summarized as presented in Table 17.  
The relative magnitudes of these results were found to correspond reasonably well with posted load limits at the 
individual bridge locations. 
Qualitative analysis of "double·bottom" trucks observed during the present study indicated that the gross 
vehicle weights were conunensurate with those of typical combination vehicles having the same number of axles. 
"DoubleMbottom" trucks were consequently coded with those corresponding combination trucks based on the total 
number of vehicle axles on the road. 
Gross·load distributions as a function of vehicle type and bridge location are shown in Appendix E. Because of 
previously used data acquisition and compilation procedures, the present study represented the first time that gross 
vehicle-load distributions were obtained by use of random samplings and statistical summarization. 
Mean vehicle axleloads and axleload distributions are summarized in Appendices G and H, respectively. These 
results were similar to those obtained from previous loadometer surveys made throughout the state. 
Axle spacing information obtained for the present study were analyzed in great detail. Although ·axle spacing 
information had been obtained in the past, no use had been made of this type of information prior to the present 
study. Results from these analyses, however, were found to be almost identical to nationwide averages. 
The last column of Table 28 indicates that the distribution of lengths for all vehicle types combined can be 
divided into two homogeneous distributions ·· one for single-unit trucks and one for combination trucks. Figure 17 
shows the cumulative percents of lengths greater than a particular total vehicle length for single-unit and 
combination trucks. 
Some of the vehicles observed had lengths in excess of the legal lengths stipulated by the Kentucky Revised 
Statutes. The total number of vehicles, by vehicle type, observed to exceed these limitations are included in Table 
28. These results indicate that presently designated maximum legal total vehicle lengths are being adhered to 
reasonably well. None of the single·unit trucks observed in this study had lengths in excess of the legal limit of 35 
feet; whereas only 2.60 percent of the combination trucks weighed had lengths which exceeded the maximum legal 
limit of 5 5  feet. 
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' 
Side View of L&N Bridge - Looking Upriver from Central Bridge 
Bridge L&N Bridge 
Location Newport to Cincinnati, US 27, Campbell County 
Structural Modificatio!IS Converted to Highway Bridge - 1930, Modifj"'�jc��:li 
Date Built 1897 Gross Weight Limit 
Usage as Ton Facility 1897-1941 
1968 ADT 17,900 Number of Lanes 
Posted Speed Limit 30 mph 
Bridge Length 2760 Feet Roadway Width 
Sidewalks One Adjacent to Northbound Traffic Lane 
Signalization Signal Near South End of Bridge 
TraffiC Restrictiom 30-Foot Spacing Between Trucks, No O>ve�e,�btt,tl�
,
1',�1�!��['
,
�i
,
�
,
�; � '  
Overwidth Permits 
Side View of Central Bridge - Looking Upriver 
Bridge Central Bridge 
Location Newport to Cincinnati, US 27, Campbell 
Structural Modifications Modified - 1914, 1930, 
Date Built 1890-1891 Gross Weight Limit 
Usage as Toll Facility 1891-1953 
1968 ADT 19,200 Number of Lanes 
Posted Speed Limit Not Posted (35 mph by Local Ordiititli��f! ' 
Bridge Length 
Sidewalks 
Signalization 
2342 Feet Roadway Width 
One Adjacent to Southbound Lane 
Signal at Beginning of Each Approach 
Traffic Restrictions 30-Foot Truck Intervals, No Overweight y� '\',•= 
Side View of Suspension Bridge , Looking Downriver 
Bridge Suspension Bridge 
Location _ Covington to Cincinnati, US 25 arid US 42t Kent?ll_----�O�'�t:�"r:,; 
Structural Modifications Rebuilt - 1897, Modified - 1916, 1921. 1930 . 'I95"4 
Date Built 1867 Gross Weight Limit 
Usage as Toll Facility 1867-1964 
1968 ADT" 20,100 Number of Lanes 2 
Posted Speed Limit 20 mph 
Bridge Length 3159 Feet Roadway Width 
Sidewalks One on Each Side of Roadway 
Signalization Signal South of Kentucky Approach 
TraffiC Restrictions 30-Foot Truck Intervals 
Side View of C&O Bridge , Looking Downriver 
Bridge C&O Bridge 
Location Covington to Cincinnati, Kenton County 
Structural Modifications Converted to Highway Bridge - 1930 
Date Bnilt 1888 Gross Weight Limit 73,280 Pounds 
Usage as ToO Facility 1888-1942 
1968 ADT 9,200 Number of Lanes 2 
Posted Speed Limit 30 mph 
Bridge Length 3615 Feet Roadway Width 26 F.eet 
Sidewalks 
Sigmlization 
One Adjacent to Northbound Traffic Lane 
Signal Near End of Both Bridge Approaches 
TraffiC Restrictiollll None 
P.adw ah Hroo_k ! ,on\" J ;, ? yl/Mdi'i Wintn�2i 
Bridge Paducah-Brookport Bridge 
Lo_ca�i01:1 _ __ -- _ _ Paducah to Brookport, US 45, McCracken County 
Structural Modificatiom None 
Date Bullt 1927-1929 
Usage all .Toll . Facility 
1968 AD.T 6,100 
Gross Weight Limit 
1929-1935 
Number of Lanes 
Posted Speed Limit 
Bridge Length 
Sidewalks 
Signalization 
25 mph 
5352 Feet Roadway Width 
None 
None 
2 
20 Feet 
Traffic Restrictions 30-Foot Truck Intervals, No Overweight or Overdimensiq:na:ti?eririits 

MEASURES OF CENTRAL TENDENCY 
Mean : 
Mean Difference : 
MEASURES OF VARIATION 
Standard Deviation: 
Variance : 
Range : 
STATISTICAL TESTS 
n 
x = ( l: xi) /n i=l 
where xi = ith observation n = number of observations 
n 
d = r l: (xu - xi2 ) l /n i=l 
where Xil = ith northbound observation 
xi2 = ith southbound observation n = number of paired observations 
s = lr � (xi - x) 2 J / (n-l) v l i=l 
n 
s 2 = [ l: (xi - x) 2] / (n-l) i=l 
r = xmax - xmin 
where xmax = observation with maximum value 
Xmin = observation with minimum value 
TEST FOR EQUALITY OF MEANS WHEN THE OBSERVATIONS ARE 
PAIRED AND THE STANDARD DEVIATIONS ARE 
UNKNOWN BUT ASSUMED EQUAL 
Test Statistic : 
Acceptance Range for 
Two-Sided Tes t :  
Ho : xi = x2 
Hl : xi .;. xz 
t = d....[U!sd 
[-ta i Z ,n-1 < t < ta i Z ,n-ll 
TEST FOR EQUALITY OF THE VARIANCES OF RANDOM SAMPLES 
Test Statistic : 
Acceptance Range for 
Two-sided Tes t :  
Ha= s21 = s2z 
H1 :  s
21 + s22 
2 2 F = S 1/S z 
[ 1/Ft:1 { 2 ,nz-l,nr1 < F < Fa J z, n1-1 ,nz-ll 
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